Until recently, halophilic archaea were presumed to be the only inhabitants of environments with high salt concentrations close to saturation. This view changed when molecular approaches were used to study the bacterial diversity of these extreme environments, indicating that saline habitats approaching salt saturation also harbour bacterial communities together with red-pigmented haloarchaea (Benlloch et al., 1995; Martínez-Murcia et al., 1995) . Fluorescence in situ hybridization revealed that not only are bacterial populations present in this environment but that they may be abundant and metabolically active (Antó n et al., 1999) . The predominant bacterial species in this type of habitat has been isolated and characterized as Salinibacter ruber, a member of the family Rhodothermaceae (together with species of the genera Salisaeta and Rhodothermus) in the phylum Bacteroidetes (Antó n et al., 2002). This bacterium received considerable attention because of its interesting properties and close similarity to extremely halophilic members of the Archaea: they share the same habitat; are extremely halophilic, aerobic, heterotrophic and red-to pink-pigmented; maintain high intracellular potassium concentrations; have a very high DNA G+C content; and a high proportion of acidic amino acids responsible for an acidic proteome with a median isoelectric point of 5.2 (Antó n et al., 2008; Mongodin et al., 2005) . The diversity within the genus Salinibacter has been studied by both culture-dependent and culture-independent approaches and Salinibacter ruber or closely related strains/sequences have been detected worldwide. These strains/sequences have been retrieved from crystallizer pond salterns in Spain (Peña et al., 2005) , Tuz lake in central Anatolia, Turkey (Mutlu et al., 2008) , soda lakes in the Wadi An Natrun depression in Egypt (Mesbah et al., 2007) and from the Andean Maras salterns of Peru (Maturrano et al., 2006) . Despite the presence of Salinibacter strains in the hypersaline habitats studied, this genus of extremely halophilic bacteria comprised, at the time of writing, just one recognized species. During a survey of prokaryotic diversity of Aran-Bidgol salt lake in Iran, two extremely halophilic bacterial isolates (designated strains CB7
T and DGO T ) related to Salinibacter ruber were obtained. In this study, we show that these two strains represent two novel species of the genus Salinibacter. The descriptions of the genus Salinibacter and Salinibacter ruber are also emended.
Samplings were carried out in November 2007 from AranBidgol salt lake. The salt lake is located in the central desert of Iran at an altitude of 800 m and is 1000 km from the coast (35u 709 4799 N 51u 399 6299 E). This playa was formed by deposition of halite sediments over different geological periods. Sediments are dissolved by rainfall in winter and salt is produced by strong evaporation during the dry season and is subsequently commercially harvested. The predominant salts in the lake are NaCl, Na 2 SO 4 , MgCl 2 and MgSO 4 with traces of carbonate ions; hence, it can be considered a thalassohaline lake. The pH of the brine is neutral (about pH 7.0) and its salinity reaches saturation during the dry season. The water temperature was 38 u C at the time of sampling. Modified growth medium (MGM) with 23 % total salt concentration from the online Halohandbook protocol was used for isolation of bacteria (Dyall-Smith, 2008) . This medium contains a 23 % salt mixture prepared from a 30 % stock solution, which consists of (per litre): 240 g NaCl, 35 g MgSO 4 , 30 g MgCl 2 , 7 g KCl and 1 g CaCl 2 , supplemented with 1 % (w/v) peptone and 0.2 % (w/v) yeast extract; 1.5 % (w/v) agar was added as necessary. The pH of the medium was adjusted to 7.2-7.4 with Tris-base (Merck). Samples were cultured on 23 % MGM agar after preparing the appropriate dilution at the laboratory. Inoculated plates were incubated at 40 u C for up to 2 months. After successive cultivation, two pure isolates, designated strains CB7
T and DGO T , were obtained and routinely grown on 23 % MGM agar at 37 uC. Characterization of these strains was achieved by using a polyphasic approach, including conventional phenotypic features, chemotaxonomic (polar lipid, fatty acid and quinone composition) data, 16S rRNA gene sequence analysis and DNA-DNA hybridization experiments. For phenotypic characterization, the standard methods of Smibert & Krieg (1994) were used after modification to make suitable conditions for growth of extremely halophilic bacteria. Salinibacter ruber DSM 13855 T was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany) culture collection, grown under the same conditions as the new isolates and used as a reference strain for most experiments.
Cell morphology and motility were examined by using an Olympus BX41 microscope equipped with phase-contrast optics. For photography, drops of exponentially growing MGM broth cultures were used directly without fixing. Colony morphology was observed on MGM agar after incubation at 37 u C for 14 days. The Gram reaction was determined by following the method of Dussault (1955) . Physiological tests were conducted with MGM broth or agar, unless stated otherwise. Broth cultures were incubated at 37 u C in an orbital incubator at 200 r.p.m. Growth rates were determined by monitoring the increase in OD 600 . The growth temperature range was examined in MGM broth at 20-60 u C (at 5 u C intervals). The growth pH range was assessed in MGM broth at pH 5.0-9.0 (at 0.5 pH unit intervals). The pH of the medium was adjusted by using 50 mM of the following buffers: MES (pH 5-6.5), HEPES (pH 7-8) and CHES (pH 8.5-9). The requirement for NaCl and MgCl 2 for growth was assessed in MGM broth containing 0-5 M NaCl (at 0.5 M intervals) or 0-1 M MgCl 2 (at 0.05 M intervals), respectively.
Acid production from carbohydrates (0.1 %, w/v) was tested in unbuffered MGM broth and was determined by measuring the initial and final pH of the medium. The culture was considered positive for acid production if pH decreased by at least 1 pH unit. To test for carbon source utilization (1 %, w/v), peptone was omitted from MGM broth and yeast extract concentration was reduced to 0.1 g l 21 (Oren et al., 1997) . The ability of strains CB7 T and DGO T to grow anaerobically in the presence of DMSO (5.0 g l
21
) and to ferment arginine (5.0 g l
) was tested in MGM broth prepared anaerobically in serum tubes according to the procedures described by Bryant (1972) and Balch & Wolfe (1976) . Growth and gas formation with nitrate as an electron acceptor were tested in 10 ml stoppered tubes, completely filled with MGM broth to which NaNO 3 (5 g l 21 ) had been added, and containing an inverted Durham tube (Oren et al., 1997) . Hydrolysis of Tweens 20, 40, 60 and 80 was tested as described by Gutiérrez & González (1972) . Casein, gelatin and starch hydrolysis tests were conducted as described by Oren et al. (1997) . Tests for catalase and oxidase activities were performed according to the method of González et al. (1978) . Tests for indole production, methyl red and Voges-Proskauer reactions, hydrolysis of DNA, and arginine dihydrolase, lysine decarboxylase and ornithine decarboxylase activities were performed as recommended by Smibert & Krieg (1994) . Production of H 2 S was tested by growing the strains in MGM broth supplemented with 0.5 % (w/v) Na 2 S 2 O 3 . Susceptibility to antimicrobial compounds was determined by the disc diffusion method after spreading the strains on MGM agar and incubation for 14 days at 37 u C (Oren et al., 1997) .
Strains CB7
T and DGO T were non-motile Gram-stainingnegative, catalase-and oxidase-positive long rods ( Fig. 1) , forming red or orange colonies, respectively. The two strains were able to grow over a wide range of NaCl concentrations, from 2 to 5 M, with optimal growth at 3 M NaCl. Magnesium was required for optimum growth, at 0.4 and 0.2 M for strains CB7
T and DGO T , respectively; both strains needed at least 0.05 M MgCl 2 for growth. The detailed physiological and biochemical characteristics of strains CB7
T and DGO T are given in Table 1 as well as in the species descriptions below.
The genomic DNA of the two isolates was extracted with a DNA extraction kit (High Pure PCR Template Preparation kit; Roche) according to the manufacturer's protocol and the 16S rRNA gene was amplified by using universal bacterial primers 27F and 1492R (Lane et al., 1985) . PCR products were purified with a DNA purification kit (High Pure PCR Cleanup Micro kit; Roche) according to the manufacturer's recommendations. The purified PCR products were then electrophoresed on a 1 % agarose gel to check their quality. Ligation of the PCR products with the pGEM-T vector, transformation of Escherichia coli DH5a and selection of the transformants were carried out with the pGEM-T TA cloning kit (pGEM-T Easy Vector System I; Promega), according to the manufacturer's protocol. Clones were randomly picked and then sequenced by Macrogen (South Korea). Phylogenetic analysis was performed with the software package MEGA version 4 (Tamura et al., 2007) after obtaining multiple alignments of data available from public databases via CLUSTAL_X (Thompson et al., 1997) . Clustering was performed by using the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971 ) and minimum-evolution (Rzhetsky & Nei, 1992) methods. Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 1000 resamplings (Felsenstein, 1985) . (Fig. 2) . Their phylogenetic positions were also confirmed in trees generated with the minimum-evolution and maximum-parsimony algorithms (data not shown).
Determination of the DNA G+C content (HPLC method, Mesbah et al., 1989) and DNA-DNA hybridization experiments (as described by De Ley et al., 1970 and modified by Huß et al., 1983) were carried out at the DSMZ. The DNA G+C contents of strains CB7
T and DGO T were 64.8 and 65.6 mol%, respectively. These values are close to that reported for Salinibacter ruber DSM 18355 T (66.5 mol%; Antó n et al., 2002). DNA-DNA hybridization experiments between strains CB7 T and DGO T and Salinibacter ruber DSM 13855
T indicated levels of relatedness of 44 and 52 %, respectively, while the level of DNA-DNA relatedness between the two new isolates was 53 %. According to the 70 % threshold proposed by Wayne et al. (1987) for the discrimination of species based on DNA-DNA relatedness, the results confirmed that the two new isolates represent two separate novel species.
Fatty acid, isoprenoid quinone and polar lipid analyses were performed by the Identification Services of the DSMZ and Dr Brian Tindall. Cell biomass for these analyses was obtained by cultivation in 23 % MGM broth at 150 r.p.m. and 37 uC. Cells were harvested in the mid-exponential growth phase. The whole-cell fatty acid composition of strains CB7
T , DGO T and Salinibacter ruber DSM 13855 T was determined according to the standard protocol of the Microbial Identification System (MIDI, Sherlock version 6.1). Extracts were analysed by using a GC (HP6890A; Hewlett Packard) equipped with a flame-ionization detector as described by Kämpfer & Kroppenstedt (1996) . Fatty acid peaks were identified by using the TSBA40 database. The fatty acid profiles of the three strains are given in Table 2 . C 18 : 1 v7c, iso-C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) were the predominant fatty acids in all three strains, but the two new isolates differed from Salinibacter ruber DSM 13855 T by possessing significantly lower amounts of iso-C 15 : 0 and higher amounts of C 18 : 1 v7c. Polar lipids were determined as detailed by Tindall (1990a, b) . The polar lipids detected in strains CB7
T , DGO T and Salinibacter ruber DSM 13855 T were diphosphatidylglycerol, phosphatidylcholine, three unidentified lipids (one unidentified lipid for Salinibacter ruber DSM 13855 T ), one unidentified aminolipid (not for Salinibacter ruber DSM 13855 T ) and three unidentified glycolipids (Fig. 3) . In addition, the two isolates differed from Salinibacter ruber DSM 13855
T in the number of unidentified lipids present (three versus one) and in the presence of one unidentified aminolipid. Menaquinone 7 (MK-7) was the only respiratory quinone detected in the three strains by the HPLC method (Groth et al., 1996) . Pigments were extracted from cell pellets of the three strains with methanol/acetone (1 : 1, v/v) and the absorption spectra were recorded against the solvent in a Shimadzu UV-160A spectrophotometer (Antó n et al., 2002) . Pigment extracts showed an absorption maximum at 480.5 and 478.5 nm for strains CB7 T and DGO T , respectively and a shoulder at 506-510 nm for both strains. The spectrum patterns were similar to that of Salinibacter ruber DSM 18355 T (an absorption maximum at 478 nm and a shoulder at 506-510 nm; Antó n et al., 2002), but the size of the picks was relatively different between the three strains. Maximum absorption values of the pigment extracts of the three strains were within the range reported for carotenoid pigments (Asker et al., 2007) .
Estimation of cell-associated potassium was carried out as described by Antó n et al. (2002) 
21
] used as reference strains in this study.
In conclusion, based on analysis of their 16S rRNA gene sequences, the closest relative of strains CB7 T and DGO T was Salinibacter ruber DSM 13855 T . The polar lipid pattern and fatty acid profile of the two novel strains as well as their only quinone (MK-7) were also in line with those of Salinibacter ruber, supporting the placement of strains CB7
T and DGO T in the genus Salinibacter. However, clear differences between these three organisms were also found, including: motility, NaCl optimum for growth, ability to hydrolyse or utilize a number of substrates, ability to produce acid from carbohydrates, pigmentation, cell morphology and genomic DNA G+C content. In addition, levels of DNA-DNA relatedness distinctly lower than 70 % supported the classification of strains CB7
T and DGO T as representatives of two novel species of the genus Salinibacter, for which we propose the names Salinibacter iranicus sp. nov. and Salinibacter luteus sp. nov., respectively. On the basis of data obtained in this study, emended descriptions of the genus Salinibacter and of Salinibacter ruber are also proposed.
Emended description of the genus Salinibacter Antó n et al. 2002
The description is as given by Antó n et al. and Tweens 20, 40, 60 and 80 are not hydrolysed. Indole is not produced from tryptophan. Arginine dihydrolase, lysine decarboxylase and ornithine decarboxylase activities are absent. The methyl red test is positive but the VogesProskauer test is negative. Susceptible to the following antimicrobial compounds: bacitracin (10 U), cephalothin (30 mg) and nitrofurantoin (300 mg). Resistant to amikacin (30 mg), amoxicillin (25 mg), ampicillin (10 mg), anisomycin (30 mg), carbenicillin (100 mg), cefazolin (30 mg), cefoxitin (30 mg), chloramphenicol (30 mg), erythromycin (5 mg), gentamicin (10 mg), kanamycin (5 mg), nalidixic acid (30 mg), neomycin (30 mg), penicillin G (10 U), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg) and tobramycin (10 mg). Polar lipids are diphosphatidylglycerol, phosphatidylcholine, three unidentified lipids, one unidentified aminolipid and three unidentified glycolipids.
The type strain, DGO T (5IBRC-M 10423 T 5CGMCC 1.11002 T ), was isolated from Aran-Bidgol salt lake, Iran. The DNA G+C content of the type strain is 65.6 mol% (as determined by HPLC).
Emended description of Salinibacter ruber Antó n et al. 2002
The description is as given by Antó n et al. 
